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Abstract  
In this paper, we presented a physical scheme to generate the multi-cavity 
maximally entangled W state via cavity QED. All the operations needed in this 
scheme are to modulate the interaction time only once. 
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Entanglement is a fundamental concept in quantum mechanics. On one hand, it 
provides a tool to disprove the local hidden variable theory[1, 2]. On the other hand, 
the non-locality feature of it brings many applications of entanglement, such as 
quantum teleportation[3, 4] , quantum dense coding[5, 6] and quantum 
cryptography[7, 8] etc. 
With the development of scientific research, the bipartite entanglement has been 
studied intensively, and ones can get a rather complete understanding of the nature[2], 
generation and applications[3, 9-13] of bipartite entangled states. More and more 
interests have been focused on the research on entanglement of multiparticle[14-17]. 
In multiparitcle entanglement, there are two different classes of entangled states, the 
GHZ class state[18] and the W class state[14]. Because they can not be converted into 
each other by stochastic local operations and classical communications(SLOCC)[14], 
the two kinds of entangled state do not belongs to the same class. GHZ state is a 
maximally entangled state in many senses, for instance, it maximally violates the Bell 
inequalities, the mutual information of measurement outcomes is maximal, it is 
maximally stable against (white) noise and one can locally obtain from a GHZ state 
with unit probability an EPR state shared between any two of the three parties. 
However, when one of the three particles is traced out, the two remaining particles are 
unentangled. But, for W state, the remaining two particles retain a relative high 
entanglement degree when one of the three particles is traced out. So the W state is 
more stable than GHZ state against the particle losses[14]. 
For the application purpose[3-8], the most important step is to manipulate the 
entanglement. All the applications are based on the entangled states initially prepared. 
So the preparation of entanglement is a central task in quantum information 
theory(QIT). Recently, several schemes for the preparation entangled states have been 
proposed, using single photon interference[19, 20], cavity QED[10-12, 15], 
parametric down conversion[21, 22], ion trap[23], and NMR[24, 25]. In particular, the 
generation schemes for W state have been proposed recently[15 ,26-29]. Guo Yong 
Xiang et al presented a experimental scheme to prepare a three-photon W state using 
linear optical elements[28]. Alternatively, Bao Sen Shi et al proposed a scheme for 
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generating W state of paths and W state of polarization photons using multi-port fiber 
coupler. Using interference between optical beams, Peng Xue et al have proposed a 
scheme, which can generate W state of atomic ensembles[27]. Guo Ping Guo et al and 
Guang Can Guo et al have also propose two different schemes to generate W state 
using cavity QED[15, 26]. In Guo Ping Guo’s scheme, the cavity is virtually excited 
during the preparation process, the requirements on the quality of cavities is greatly 
loosened and the effective decoherence time of it is greatly prolonged[15]. In Guang 
Can Guo’s proposal, they generated not only three-atom W state but also three-cavity 
W state[26]. In this paper, we will propose an alternative scheme for the preparation 
of three cavities W state via cavity QED. In our scheme, we need to modulate the 
interaction time between atom and cavities only once, which is simpler than that of 
Guang Can Guo’s proposal. As a straight extension, we will discuss the generation of 
N-cavity entangled W state using this scheme. 
First, we will discuss the preparation of three-cavity W state. An atom initially 
prepared in excited state(
a
e ) and three identical cavities initially prepared in vacuum 
state are required. The three cavities have been placed in a common plane, and the 
focus area of the three fields constructs a cylinder area, which is vertical to the 
common field plane. The schematic diagram is depicted in Fig.1. 
                  
Fig.1. The schematic diagram for generation of W state for three cavities. The black dot denotes 
the atom. 
 
Then the atom will be sent through the cylinder area from one side(top or 
bottom) of it. In the focus area, the atom will interact simultaneously with three cavity 
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fields. The interaction can be described by Hamiltonian: 
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the atom. +ia and ia  denote the creation and annihilation operators of the i
th cavity 
mode. 0ω  is the transition frequency of the atom and iω  is the ith cavity 
frequency. iε is the coupling constant between the atom and the ith cavity mode. 
Because the cavities are all identical, if we suppose that the interaction is a resonant 
one we get: εεεε === 321  and 0321 ωωωω === . 
Before interaction, the state of the total system is: 
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( )
aa
ett
321123
0003cos)( ε→Ψ  
       ( )( )
a
gti
321321321
100010001
3
3sin ++− ε .         (3) 
Then if we select the interaction time ε
π
32
=t , we can get the maximally entangled 
W state for three cavities, and the successful probability is 100%, where we have 
discarded the common phase factor. 
Generally, if we can place N cavities in optimal positions, the N cavities W state 
can also be generated using this scheme. In this case, the Hamiltonian will take a new 
form: 
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The initial state of atom is still 
a
e , and the N cavities are also prepared in vacuum 
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state. Then the atom will be sent through the focus area. Similarly, we suppose that 
the interaction is a resonant one, and all the cavities are identical. Induced by the 
interaction, the evolution of the system state is: 
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If the interaction time satisfies: ε
π
N
t
2
= , the N cavity will be left in a maximally 
entangled W state with probability 100%, and the atom is left in ground state. 
After generation, we can connect the N cavities with N other cavities distributed 
in different locations via optical fiber. Then the N distant cavities have been entangled, 
i.e. N-cavity maximally entangled W state has been generated on the N distant  
cavities. Then the N cavities can be regarded as the nodes on quantum network[30]. 
Then we can use the W state to realize quantum communication in the network, such 
as quantum teleportation of unknown atomic state. Teleportation using W state 
characterize a unique feature that information encoded in the unknown state has been 
distributed among all the receivers evenly[31]. 
We proposed a physical scheme in this paper, which can generate three-cavity 
and multi-cavity maximally entangled W state. Using optical fiber, the generated 
maximally entangled W state can be distributed among distant users on quantum 
network[30]. Our proposal is mainly based on cavity QED. Compared with the 
proposal in Ref[26], our scheme needs fewer operations, which makes it more easily 
to be realized. But in experiment, there will be a practical problem about how to 
measure the length of the focus area, which will affect the accuracy of the interaction 
time. Nevertheless, the simplicity of the scheme makes it more easily to be realized in 
experiment. 
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